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Abstract

Thermal energy storage systems based on phase change materials (PCMs) are considered to be one
of the most effective approaches for improving energy efficiency and sustainability, and have attracted
significant attention in recent years. However, their practical application is greatly limited due to
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the low heat storage and release rate as well as the small thermal conductivity of PCMs. Currently, com-
posite methods such as the addition of fins and high thermal conductivity fillers are commonly em-
ployed to enhance the thermal conductivity of these systems. In this review, the research progress on
thermal conductivity of composite phase change materials at home and abroad is presented, and the
methods and mechanisms of improving thermal conductivity of composite phase change materials are
classified and summarized. Finally, the main challenges and outlooks of composite phase change ma-
terials were outlined.
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Figure 1. Ways to increase thermal conductivity
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{a) Radial or circular fins {b} Longitudinal fins

Figure 2. Types of fins used in Shell and tube type heat exchanger [32]
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Figure 3. a) Design of various fin configurations and b) temporal evolution of charging process [30]; ¢) conventional annular
fin and grid annular fin and d) grid annular fins components case studies [33]
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Figure 4. a) Various fin configurations with thickness and fin design [34]; b) liquid fraction contours of the annular model and
longitudinal model in the middle section and c) streamlines and temperature contours and of annular model and longitudinal
model [35]
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Figure 5. a) Temperature and liquid fraction distributions. (Left) Initial design. (Right) Optimal design and b) temperature and
liquid fraction distributions for the optimal fin with two bifurcations [38]; ¢) The computational domains for the various heat
exchangers with different fin configurations [39]
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Figure 6. a) Configuration of the heat sinks and b) assembly of the heat sinks [40]; c) heat spreader for electronics cooling
with pipe-fins filled with PCM [41]; d) numerical model: LHTES unit with a single fin and two-dimensional diagram [44]; e)
thermally stable and unstable layers areas in spherical capsule [43]; f) sub-cooling of LiNO3-3H20 and CHNH for 500 solidi-
fication and melting cycles in the heat exchanger [45]; g) CM-air-liquid heat exchanger proposed in this study [46]
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Figure 7. a) Schematic diagram of the preparation process of the CPCMs and b) schematic of the heat conduction models of
the CPCMs [51]; ¢) SEM images of MWCNTSs and composite Na2CO3/MgO PCMs with added MWCNTs sintered at high
temperature [52]; d) SEM images of CPCM samples with 1 wt.% nanomaterials and e) effects of nanomaterial microstructure
and mass fraction on CPCM thermal conductivity [53]
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B 7o) fin. 45K, FHRALEE MWCNTs 27 800 g in, 5 2GR 506 R E 7 &
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(PA)/ A1 8J5 90K i (GNPs)PCMs, LA FESL ST, S2 A1 S3 A4 BN 1 4 s EL R TH A A 300, 500 A1 750

DOI: 10.12677/japc.2025.141011 114 Ly PR R=Svi


https://doi.org/10.12677/japc.2025.141011

m?/g 1] GNPs. fEAHAEM KL, $H7 7] GNPs AMU AT A5 F R, 82 PCMs S BLBT (Et )R, 0
Kl 8a). SEERLEARKH, B GNPs FrE R, WHTE PCMs ¥ GNPs RE M. E4& PCMs I
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Figure 8. a) Image of S3 at 25°C and 80°C and b) charging graph of PA and PAGNPs composite PCMs [58]; ¢) the synthetic
procedures and structure of pegdk-bx-PEG6K and d) heat transfer mechanism and effective thermal conductivity enhancement
of the composites and e) radial thermal conductivity of composites at room temperature [59]

8.2) PA/GNPsCPCMs FZART2 MK F0 b) PA/GNPsCPCMs fif#GR B FhZE[58]; c) Pegdk-bx-PEGOK B R 5 SRR &5
1970 d) HREFSESMEARE SILEFIR o) ZETESMBNERESHRERE(59]
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R PRE A PR R B TTRE T BN LEAIRT 5. Zhang 25[61 KA B . A FIEE AT IR S, HI&
TR REE S A e, HMSE N 0.56 W/(mK), WK ob). hIMNERFH, %M EESZ 24 h 1)
150 CHERE JE A S RATLRAE, Zid 20 IRIEH MR AT G Z R R ER(OSCO) L w4, WHHASR
R H A E M. Cai (621K A BR(EG) Al LA K HRIBME SR (TPE)IR & 5 AR R, 4 T —
filt CPCMs, #1El 9¢). BEFRKRI, ATINTTEDE 7%H EG. 63%H 1 L & 30%H) TPE I, CPCMs
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PUEREMINE 2.1 MPa, JHHHEAFTRER 22 Wm-K). Xu Z[6310#] % T D-HZERECHHL
YI/EGCPCMs, 1] iz N T KFH R Ak RABUE AR R ZESIR . EG /£ CPCMs HUEHEE /MK
BAER: — 7 AR NSCHEM L, Bk D-H &AM 55— e RN, LT CPCMs BI#S:
o AR, 2 EGMINEEN 15 wi% H iR 4625 A H] 1.83 g/em® B, D-H #&E/EGCPCMs [1)#4
SRk 731 Wm'K, HET40 D-HEEEE0.60 W/m-K)# e 14 12 f%. Shailendra[64)250T 5% T K A1
5 AN I 0 4 A A 7 AR S B4 BHOMB 7) PR RE 25 G 82, L OM37 . I IK G A AR K A 58 9 Rk,
T I ) R LR AT B AR 2% IR AR 8 A AR M B (ss-CPCM) . [RIR, BE9T 1 if#GE . S
B I/ E M N PR E Ve AT EEPERIBT MR R RE . ss-CPCM-1. 3. 5 F1 7 7£ 40.61°C. 39.12°C.
38.83°C Al 37.41 CHIFIFEALIE 204 114.23 T/g. 111.56 T/g. 105.08 J/g F199.32 J/g. {E ss-CPCM H A
Twt%Ek A 58, MSRIEE T 114.4%. Zhang [65]% Bl B4R 0k, EfH& I fE b R I A 4 2
(R RELE R . UK A BT BN 5~30 wi%ltt, SE MBI G RIAE] 2.67~10.02 W-m Ko [, FHAE
Ja I B AR =8 155~212 kIkg ™!, RUNZE SMEEA RIFPIER . Mo, ZE S EHEFR R -7
FAIZNZS B MR T, AR B ) CARIR B AR I 7E 50 °C BAR, R sk ) Vi #AT v DRI
KLY, EGEE G PCMs HRIEAE WA REMEM : — 7/ VSRR B b AR AR s s 53—
J7ENAE AR, LAETt PCMs [T .

Table 1. Thermal conductivity of expanded graphite filled composite phase change materials

* 1. BEKASEREEAHETMRINASESE

M EHA K EG RIMEMWt %) HEFER W/(mK)  ASREHA %)

EG + ik HUR A HE[13] 40 35 695.5

EG+ A + EE[61] 30 0.56 373.3

EG + £l + TPE [62] 7 2.2 1000

EG + D-H & EZ[63] 15 7.31 1200

EG+ WKIER + KA E64] 7 0.311 114.4

EG+ it + Kol — 28 — WiE — KLW[65] 30 10.02 2319

BRIEA R NN B & R T R AR M AR S B 3. R, RIS RE
B30T PCMs HOEEARIATPERE, (HEON KRB R R Z S AR . RAR BRI RES A 2L
WEREANT R H, TRETHUE(CFs) A s I AR K (CNTs) B BAT BRI KAR B Kl & CFs JEBLIH AL
BT B8 P 5 BUAL 2 AR PR BE 7, T A SR U AT Ry ) — 28 B0 R S5 A T A B R A 2 S5 W B AR A
BEAk, BN LT AR th 6 G REETH = A0 o [RI S AN [ 1) 46 g AR IR 2 X A0 5 3 5 ) 2
TR AEAS 4RI, BRIEASINGE W BAT BURE B BUR T 2.26 glem?), XONFE RSB SZIRAKAT T
S PR BB AL T RO AR

3.2. EBEMN

AT L, AR TR RN S 4R B R AS RS . B, ZRARZEMSEE
B FH AR 58 BE AR R GG R AIR I % WS B IR INA A &R k. &RBEY. &Rk,
3.2.1. £BEER

& @SRV E N — R W& B s, Tz N TR TE PCMs 1353 % . Ghossein Z5[66]5K H =F AR
R I E A T VROKKG s SIRABFEAL), H& T =FANF R &9 B AR ER/ 4 )\ E & PCMs.
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Figure 9. a) Schematic diagram for synthesizing PCCs and constructing large-size aligned graphite sheets [13]; b) thermal
conductivity coefficients of PW, SR and EG/PW/SR composites [61]; ¢) thermal conductivity of the as-prepared EG/OP70-

TPE [62]
[& 9. EG/OP70-TPE RY a) CPCMs BUHI&ZZF2[13]; b) PW, SR, PCMs-1, PCMs-2 #1 PCMs-3 BUS R E[61]; o)A
FlRE 2 #AY OP70/EG SR E[62]

T Bk E T iE WA, 24 PCMs VS ZR A FrieE,  Ho DULAE [ 65 BT A i 5 I i 5ok
VKK [ AGVE T R I e /N R . [FIRS, BEERE T &, 246 PCMs MG MBE 2 N, JEreden
J& i IR BT BeAh, MERGUORERL B RIS 2%, S A& PCMs ISR R T RES, A&
J b S B — B T, JEEIAE] 10% 0 A B i m e, EA R IR = (10%) T, @i = A
ANE AT R SR B R A PCMs, HIAFE 73504 0.8319. 0.8534 F1 0.8754 W/(m'K). Ma %5[67],
PLEG AWK, 7] PA-EG 2 CPCMs HIIAANE () S S RGOS B3 5. Bomeh it & 1 23,
AR R K 4 8 ok AN As I AT 0% J5 R B, EG [R5 06 AT UAT R M gk & )@ A S 45, e
10a). PA-EG(11%)-Cu(1.9%)2& 1A i/, SAMERE R PCMs Wil 10b), 4] 10c). % CPCMs 3%
Pem TR, ARG RVEAAR /N, AHAR IR R N B I R IR Y

Zheng %5 N\ [68] LA ES(PW)IE G REAEL, 2K AT 82 (EG)IE A AL FASG SR AN SCHEM R, il & 7 — M
PERE R BE 8 CPCMs AR S P B WK 10e). i% CPCMs I T 5 PW BAG A R AR IR B AR & 4
(LMA)UBURL, BERT ARSI A, ST DAEROU R B VR & = 4E 23 &%, anfE] 10), Sl
EG M E S#. 24 LMA Al EG 735185 4.55 wt% A1 9 wt%lt, 14 10f), =75 CPCMs KSR ¥k
5.842 W/(m'K), Lbali PW &% 16.4 £, HARBUE A RIS, EMEaeae ). S HRPERMBIEIR TR E
77 T3 H A 5 B R
3.22. EREHY

ARITERL wE s TR ERERANY . RESREACYNASRIRT R, BEEASRNES
HTKRZH PCMs, B, &EA Y PHIEIN TR IG5, Sahan S£[6912R M 7 BCH AR A i 55 ik Bk
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Figure 10. a) SEM analysis of PA-EG-Cu and b) comparison of the phase change temperature and phase change enthalpy and
¢) thermal conductivity of different nano-metals with different mass fractions [67]; d) axial, radial and average thermal con-
ductivities of PW/EG CPCM and PW/LMA/EG CPCMs and e) Synthesis schematic diagram of CPCMs [68]

[& 10. a) PA-EG-Cu K SEM [E{&70 b)& L GIHEEERE FHETR AN o FERESUEBFHARSE[67]. d)
PW/EG CPCMs #1 PW/LMA/EG CPCMs Hy%#[a], R EFITFIIFHEHA ) PW LMA CPCMs F1 PW LMAEG CPCMs
SHREER N PW/LMA-3 j%5% EG [68]
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Figure 11. a) Preparation of PNMCs by dispersion technique and SEM and b) Thermal Conductivities of Paraffin and PNMCs
[70]; c) reactions related to the synthesis of MMF and d) processing flow diagram containing synthesis mechanism of CPCM
and e) thermal conductivity of paraffin, CPCM, CPCM@AL:03, CPCM@ZnO and CPCM@CNT measured [71]

11. a)A4f - PRFESKT S APPRIHIERIZF SEM 1 b)AEEF PCMs BISHARE(70]. ¢) MMF BXHERRNEE
# d)y& CPCMs & RHIEA N TRIZEA e)AkE. CPCMs, CPCMs@ALO3. CPCMs@ZnO F1 CPCMs@CNT HIS:#
BAB¥(71]
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AN, B EEEA RIE[70], K SiO2. ALOs. FeOs. ZnO MR AN ZE A il b DL T PCMs 1
T, BMBINAI A BER AT, I BB RMAIS SR m, H#HGRe] BEETT.
NI A Bk B 2%, IRAIIMFIFT IR E S PCMs JE I H 5 = 0745 %(0.724 W/m-K). Huang %5
N[71738 5 F A& 1 = SR U% F I (MF) 15 21 F 80 = SR S (MMF), 38/b T ISR s &, BRI T Hexd
NARGEREFIAEE (0 fE 3, A4 — P AR H AR A 11c), Bl 11d). FIMA=MEAMHEEEE
(10 wt%) A FEMSEI SRR, BIAINAK ALOs. 44K ZnO. CNTS, & m—H CPCMs. H{
CNTS ] CPCMs [ SR E U R, N 0.50 Wm'K, Wil 1le). t4b, 5 ALOsFl ZnO AL, CNTS [0
N R TSR IAE R T, Hid ALOs il & 1) CPCMs T #CR 126.98 J/g, ZnO il &[] CPCMs
RPN 125.86 J/g, T CNTS |45 ¥] CPCMs 13 #N 139.64 J/g.

3.23. £BE%k
SRR M B Z A HNEBAEL NEEH KRERRMFLBI[72]. Xiao 273K H EH SR
B4 T A /4 B CPCMs, G0 12a), B 12b) b i F 104 8 MUk AL 35 M SR B MV ok i o
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Figure 12. a) Images of metal foam and paraffin/metal foam composite PCMs with different pore sizes and b) experimental
and calculated thermal conductivities of paraffin/nickel foam composite PCMs and paraffin/copper foam composite PCMs
[73]; c) effective thermal conductivities of composite PCMs and d) impregnation ratios of paraffin/Copper foam and nickel
foam composite PCMs [74]; e) schematic diagram of the preparation process of Ag NW and PEG-Ag/EVM ss-CPCMs [75]
E 12. ) A RIFLERN & RIRFR AL € B /EASE PCMs HEIRH b) Ak /A RESTMRIMAE QARE ST
KSHRE(73]. oE& PCMs BHFHAREM OFELEAE/ERIEAGEMBE)ES PCMs BFIRIFE([74]. ¢) AgNW
#1 PEG-Ag/EVM ss-cPCMs #l& T ZREE[75]
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SEREFW, A G RN 0.305 W/(m- KM, At SEKEE SR, HASFREE 1.2 W/ (mK),
Z9PETE =A% 1M 5 PPI (RE5E~FFLERE0) M VA PR A i 1 #4526 L 0.305 W/(m-K)# T+ 2 4.9 W/(m-K),
SEPLT 215 REHEIE . Xiao S [ 741 — WA T A /& R A R 1 A S R GRS A AR A A
W YRR AR DL AN [ FLAR AT FL B R SR 1] 4 CPCMs. W] 12¢), [ 12d) S54ifdEAHE, HFLEBR 5
A 96.95%- 92.31% /% 88.89%, HFLIZEA 25 PPI I}, A i/AiEik CPCMs ISR 5 RI$Em 749 13 f4.
31 £ F0 44 £ JRE LRI TH AT 07 TH AR A WAL , FIFEFLAR AR, SRR N 97.45%.94.24%
% 90.61%05, #FARLATA RS> AEETE 3 5. 4 f5H0 5 f5, Kk, nTRAG 4SS BRIV AIE 7 Ll n]
AR BAAR SR, MAER—SAER G, SR G R I TR 0,

AN, A HAl R A & B AR IR 10, Deng Z5[75], FERGUKEME NG REEN], 5
R FE(PEG). BIKIEA(EVM) KR K L (Ag NW)IR A, DL HA I R A E 4 PCMs, 40
K 12g). ME L PCMs TEH 7.1 wt%. 13.7 wt%AH 19.3 wt%H Ag NW i, HIGEZ5150.36. 0.51
A1 0.68 W/m. K, %4 PEG (0.06 W/m K)7 52T 6.0 5. 8.5 f5A1 11.3 1%, [ 5% % T PEG/EVM
524 PCMs (0.25 W/m K)I#) 1.44 fi%. 2.04 581 2.71 f5. XKW EVM 5 Ag NW BI58H Zd2 = PEG H)#
FH (14 12h)). Reyes Z5[761%F 8% w/w M S AR ES, HPEHEH =MARSMAR. Stigs e
N, S AERTE S N S BRI A T AR R, L e KT LR B 5 R R ER S 2L G B RS
IR, LT 0.63 Wm. K, Z4ia 0.31 W/(m- KA. Li (771098 7 W858 A 4508 I ER
T PCMs, 383 WL E2 i A St [ 1 [R) 4606, T DAIE B4R KD RERS A5 2 =7 PCMEs #2356 RS 2 o,
T35 5 U EERY, DURIEERR b 145 ot 34 3 30 42 T B AR .

BB AN & BB NS BARE S, BRI R A SR SR, REMR SR, 0% E R RT
B R FER S AT, X T REmEERINFANN S, K CSHlsad BB E k. M2, H
THEB R AN S IR AT E Bt i DL FAb AL 20 1 i) v ORI, <5 i B T A S R
FH AT 1 2 Bl o DRI, BRSSO FRITE B b R B S K7 0. FE T BB A7 RGN U2 78 70 %
EE BRI . B, MEEIE A PCMs 45 G T, BRESIER R MR T 20n H S MR i 4
M —J7 M, RATH PCMs #& i 8%, Wl THEmNRSE, SRR EEERE.

3.3. HAithhHl

B T RREEARLRD G 8 FE AR IR I A, B 5INT HAb— s ns, il s R A, DU
F+ PCMs HI#GR . ANFEPRZSES, W8 Z A& MRS R A A —FE . Su (78K FH 7S 77 2 AL
(h-BN)K A8 550 )\ e 5 AR R SL 4 PCMs (#5324 HBN &8N 10 wt%[E & PCMs SR tE,
TE [ A BT 208 0.3220 W/(meK),  THAERASE A 0.1764 W/(m K)o 5 5463 i R ([E 2584 0.2982
W/(m-K), AR 0.1512 W/(m-K)FHE, FEZSAEES T RRSFE SR T 8.0%F 16.7%. XKW h-
BN & & TR IA MRS RIS B8 . thAh, Fang Z5[79]1LL A-BN 90K 158 S HIBRHI % T A /75
T BA(h-BNYGIK 524 PCMs. I 13a ATRAE tH, FARES (B 7)) 5 # 3 Sk o2 b iR
FETH S A G, TE SO°CIARIE(E f5 B4R NI, MRS S R 44 M) g2 %2/ . h-BN I
WK, EAMESHRATME. 24 50°C, A-BN KA RIS 10 wt%hf, &4 PCMs SR K5
&, 4 0.53 W/(m-K). [, T3 R B3G5, AHAZE 28R . Motahar 55801 /1L — %4 iE(MPSIOy)
IECENE+ )\, 1% 7 — R S A PCMs. EBEEFEACIRS T, RIS P i SR BRI & 2 &
BB PCMs 1E 5°C~55C 2[RI S A%, W& 13b), & 13¢). EBFEMRE F(5°C~20"C)E 4 PCMs 5
HORFFE TR, 4 MPSIO, 571308 3 wt%lth, A PCMs [ 33 RETE 5SCHLL4E PCMs 1) 57 R %R
BT 5.1%. LIRS, SRARERE R, 5 MPSiO, &M IELt, HAE 55C, MPSIO, &
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Figure 13. a) Measured thermal conductivity of the paraffin-based composite PCMs as a function of temperature at various
loadings of h-BN nanosheets [79]; b) Thermal conductivity of PCM/MPSiO: as a function of temperature for various mass
fractions of MPSiO2 nanoparticles in solid phase and c) in liquid phase.and SEM and TEM micrographs of MPSiO: particles
[80]

13. FEAREHE A-BN AKRERERAT, AEES PCMs AESERFEEETHE[79]. b ARRESHH
PCMs/MPSIO> 4AK BRI EIHE SRR BPERE T MEN o RERESEHH PCMs/MPSIO: RFRLRIRI SRR
HERE R T HLARR0]

4. ZRERE

AL TR INRERE A R BRI R R, $RTHIME S 3O B = AR R B AR TR RE (1 2K
@it. Bk, ASCHE GRS T PRI SE PCMs 2L R, SRHE B R AN m e R k. @
FrRHEASE I 7RI, HE5R T PCMs AR 18] AR 3. RIS, b0 1 A R AR 1 e 24T o P
(¥] PCMs HO%CE, SR> TAAREIIBER . BRAh, ST AT RE = PAS B AR IIZ S . PRk, FEARRI T
e, WA 202 B sl pi SR B AT PR R K 1R 8L, AJCAE LHTES REEMIBETE. Buoh, ERRIIWITTH, M
2 2 25 R B EET A TR, AR W AR S5, K BRI T MR E
BETIELSE 5% HTF i BRI o ST, AESEBRM A, el e il AR RER b, A2 e i (R,
TEWAES Ja BB T AR 25 FE TR 8RR A o LA, A P veioh 38 0 B2 B T AR e e B TR 4 R IR 1
b4k, LHTES RGEHIET H R HZAARKI A PN Hfh—L550R, Wi Mgk, 5 681
Ry RHINVESE, AR S5 F af el & . B iR AR el # mT LB A R A4 6 R 8. 2
M0, B T AIMGURBRL AL, KT B A G G5 B i Fe e, B ARBIE T — M LU
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